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Abstract
Overbank flooding of rivers is a key process in the maintenance of vegetation types and the species that rely

on the floodplain forests and woodlands of northern Victoria. Yet the flooding requirements of species and
vegetation types are poorly known. Here we present initial estimates of the water requirements for flood-

dependent Ecological Vegetation Classes (EVCs) and rare and threatened flora and fauna species associated

with the floodplain of the Murray River and its tributaries. Some 110 EVCs were found to be at least partly

flood-dependent on the Murray River floodplains. The total current extent of these EVCs in the study area is

224247 ha, of which 162266 ha are on public land. One hundred and twenty- four rare or threatened plant

taxa and 62 threatened vertebrate fauna taxa (excluding fish) were classified as at least partly flood-dependent.

These initial estimates provide important information for land and water managers and researchers alike. {The

Victorian Naturalist 128 (2), 2011, 48-85)
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Introduction

The floodplain forests, woodlands and wetlands

of the Murray River and its tributaries contain

important and unique species of flora and fauna

and extend the geographic range of a number

of species, particularly birds, into the semi-arid

regions of the Riverina and Mallee (e.g. Tzaros

2001). Pulsed flooding is the major factor influ-

encing biota in these river-floodplain systems

(Ballinger and Mac Nally 2006). These over-

bank floods also maintain ecological connec-

tivity along the length of the floodplains, across

the floodplains and between the rivers and the

floodplains, thereby playing a crucial role in the

landscape ecology of the region (Ballinger and

Mac Nally 2006).

Flowever, there has been no comprehensive

inventory of important natural values or flood-

ing requirements to maintain these values

along the Murray River floodplains. This is true

for both the vegetation types and the species

that rely on them. This information is vital if

informed management of environmental flows

is to be undertaken.

In this paper we present for the first time

initial estimates of the flood requirements for

a comprehensive suite of Ecological Vegeta-

tion Classes and rare and threatened flora and

fauna species within the Murray Valley. The

natural values and their flooding requirements

were identified as part of final recommenda-

tions of the Victorian Environmental Assess-

ment Council’s ( VEAC’s) investigation of River

Red GumForests in northern Victoria (VEAC
2008). Identification and mapping of these val-

ues allows environmental and water managers

to make more informed decisions about which

flood-dependent natural values receive and

miss out on environmental water (Peake et al.
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2011). This is particularly pertinent consider-

ing the planning by the Murray-Darling Basin

Authority (MDBA) for the development of a

basin-wide plan which incorporates environ-

mental watering (e.g. MDBA2010), and the

need for adaptive conservation strategies for

freshwater ecosystems in the face of climate

change (Aldous et al. 2011). Our study comple-

ments recent analysis that outlines tolerable fire

intervals for Victorian vegetation types (Cheal

2010). This article serves as a companion paper

to another (Peake et al. 2011) which describes

how this information can be used to display

spatially the values and their flooding require-

ments.'

Methods
Study area

The VEACRiver Red GumForests investiga-

tion area encompassed some 1 220 000 ha of

northern Victoria from the South Australian

border east to the wall of the HumeDamnear

Wodonga. It included the floodplain ecosystems

along the Murray River and seven of its major

tributaries (the Avoca, Loddon, Campaspe,

Goulburn, Ovens, King and Kiewa Rivers) as

well as grassy ecosystems and wetlands of the

Victorian Riverina - for further details see Fitz-

simons (2006) and VEAC (2006) (Fig. 1). The

present study covered only the floodplains of

the Murray, Goulburn, Ovens and King Rivers

within the VEAC investigation area - a study

area of approximately 507 000 ha, collectively

referred to here as the Murray River floodplain

(Fig 1.). Time did not permit coverage of the

Kerang Lakes and floodplains of the Avoca,

Loddon, Campaspe and Kiewa Rivers nor any

part of NewSouth Wales or South Australia.

Identifying flood requirements —Ecological

Vegetation Classes

EVCs are units in a vegetation classification

system that are differentiated through a com-
bination of floristic, life form and ecological

Fig. 1. Location of VEACRiver Red GumForests Investigation area and floodplain values mapped in this

analysis.
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characteristics, and through an inferred fidelity

to particular environmental attributes. They are

the principal units for native vegetation classifi-

cation and mapping for land-use planning and
management in Victoria (e.g. Woodgate et al.

1996; Parkes et al. 2003).

The EVC dataset used in this study is the

publicly accessible geospatial vector layer

maintained by the Victorian Department of

Sustainability and Environment (DSE) (cur-

rent at January 2008). It describes the EVCs
in terms of their structure, composition and
environmental context. For the Murray River

floodplains this has been mapped at a scale of

1:25 000. In our assessment, we built on this da-

taset by identifying the flooding requirements

for each flood-dependent EVC, based on the

life-history traits, tolerances and competitive

advantages of the dominant and characteristic

plant taxa. This new information was appended
to existing EVCpolygons. As few of the plant

species have been the subject of detailed aut-

oecological studies, estimates of flooding re-

gime variables are based on the expert opinion

of DF and MW,who were closely involved in

the circumscription and mapping of EVCs in

2006, and searches of the available literature.

The process entailed four steps, as follows:

1. Identification of flood-dependent EVCs. EVCs
were classed as flood-dependent if likely

to decline significantly in condition (sensu

Parkes et al. 2003) in the region in the absence

of overbank flows from adjoining rivers (as

opposed to flooding or watering solely from
local rainfall). As such, overbank flooding is

integral to key ecological processes for many
EVCs, or structurally important constituents

of the vegetation such as regeneration, dis-

persal and growth. Ecological dependence

on flooding extends beyond merely meeting

watering requirements of the plants and ani-

mals and includes important geomorphologi-

cal processes such as the deposition of silts,

and the regulation of ground water depth and

chemistry. For details on the ecological char-

acteristics of the main EVCs in the VEAC
investigation area see Appendix 7 of VEAC
(2006).

2. Estimation of the ‘natural flood frequency for

flood-dependent EVCs. The natural flood fre-

quency is the average frequency with which

an EVC is flooded under natural conditions

and is therefore, presumably, the optimal fre-

quency of inundation for that EVC. Sustained

deviation from the natural flood frequency is

assumed to compromise EVC condition. In

the absence of long-term historical informa-

tion for the EVCs, the natural flood frequency

for each flood-dependent EVCwas estimated

based on what is known or surmised by our

expert assessors of the flooding requirements

and tolerances of character species and the

physical (including hydrological) conditions

at sites of occurrence, particularly in com-
parison to these parameters for adjoining or

similar EVCs.

3. Estimation of the ‘critical interval’ for flood-

dependent EVCs. The critical interval is the

maximum period that an EVC can endure

without flooding and remain capable of re-

turning to its reference or benchmark condi-

tion (sensu DSE 2008). This applies only to

any single inter-flood period. As with natural

flood frequency, we estimated the critical in-

terval for each flood-dependent EVC based

on what is known or surmised of the flooding

requirements and tolerances of character spe-

cies and the physical (including hydrological)

conditions at sites of occurrence, particularly

in comparison to these parameters for adjoin-

ing or similar EVCs.

4. Estimation of the minimum duration for

each flood-dependent EVC. This is the mini-

mum duration of inundation required to

maintain each EVC in a condition referable

to its reference state; i.e. the length of time

that an EVC is continuously under water for

each inundation event, assuming that these

are occurring at the frequency necessary to

maintain it in a reference state. It is worth

noting that this variable is not solely a func-

tion of the duration of high river flows. For

example, rates of drying or drawdown follow-

ing flood recession vary according to flood-

plain geomorphology and greatly affect the

duration of flooding in some places compared

to others. Again, the minimum duration for

each flood-dependent EVCwas estimated (by

DF and MW)based on what is known or sur-

mised of the flooding requirements and tol-

erances of character species and the physical

(including hydrological) conditions at sites
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of occurrence, particularly in comparison

to these parameters for adjoining or similar

EVCs.

Identifying flood requirements —Rare or

threatened flora

The assessment of flooding requirements for

each flood-dependent rare or threatened plant

taxon was undertaken by DF and MWwho
were the botanists that assessed the flooding

requirements of EVCs. The assessments for rare

or threatened taxa followed the same five steps

as the EVCassessments, with minor variations

as follows;

1. Identification of flood-dependent rare and

threatened plant taxa. A list of rare or threat-

ened plant taxa (DSE 2005) recorded in the

study area was generated using DSE’s Flora

Information System (FIS) database of Vic-

torian flora records (current to May 2007).^

Each taxon on this list was then classed as

flood-dependent or not by applying the same

definition of ‘flood-dependent’ that was used

for the identification of flood-dependent

EVCs to what was known of the taxon’s ecol-

ogy and occurrence, including review of rel-

evant literature and FIS data. As with EVCs,

flooding requirements of some species may
relate more to maintenance of suitable habi-

tat conditions than to their tolerance of dry

conditions (e.g. prevention of salinisation of

habitat or reduced competition from species

which are less tolerant of flooding). In some

cases, species may draw on groundwater re-

sources which may become depleted or saline

with a long-term absence of flooding in adja-

cent areas.

2. Estimation of the natural flood frequency,

critical interval and minimum duration. For

most plant taxa there is little specific informa-

tion available on flood requirements. Thus for

each of these three parameters the estimated

natural flood frequency, critical interval and

minimum duration of the principal EVCs at

sites where the threatened taxon had been re-

corded were adopted as the estimated values

of these parameters for the taxon. We over-

laid threatened floodplain flora records with

EVCs in a geographic information system. In

most cases there was a high fidelity between

species and one or a small number of EVCs.

For a relatively small number of these taxa it

was not possible to identify a reliable associa-

tion with any EVCand as a result no estimate

was made of these parameters.

3.

Mapping of the current extent of all flood-

dependent rare or threatened plant taxa. The

distribution of each flood-dependent rare or

threatened plant taxon was mapped using

site location records superimposed on EVC
maps. Discrete EVCunits (or polygons of re-

lated host EVCs) located at or very near the

flora records were mapped as a surrogate for

taxa distribution. This method required suf-

ficiently detailed mapping and accurate spe-

cies location information. However, in some

cases existing mapping was not adequate to

substantiate an association at such a detailed

level, and a spot location representing the site

record was used in place of an EVCpolygon.

The spot location was attributed a radius re-

flecting the level of site accuracy (e.g. +1- 50

mattributed a radius of approximately 50 me-

tres). Where there were multiple host EVCs,

these typically had very similar or identical

flood dependency attributes, while for some

others there was variation across the land-

scape. Some flora species occupy a niche be-

tween EVCs, particularly along strips where

water recession occurs frequently.

To reduce the possibility that sites mapped
as polygons did not actually support the rel-

evant rare or threatened plants, old records

(those made prior to 1980) and imprecise

records (those that could not be reliably lo-

cated to within 150 metres) were not used to

delineate species-occurrence polygons. As a

result, no locations were mapped for some
flood-dependent species, some of which may
no longer occur in the study area. Addition-

ally, the number of records does not neces-

sarily reflect population size or number of

stands. Some records reflect repeated sam-

pling from small or localised populations.

Identifying flood requirements —Threatened

fauna
rhe assessment of flooding requirements for

threatened fauna followed the same procedure

as that for rare or threatened flora, with the fol-

lowing variations:
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1. Threatened vertebrate fauna records (DSE
2007) from the study area were extracted

from DSEs Victorian Fauna Database (VFD,
also known as the Atlas of Victorian Wildlife)

current to May 2007 and Birds Australia’s At-

las of Australian Birds data (Birdata, accessed
from www.birdata.com.au in January-May

2008)

.^ Amphibians, reptiles, birds and mam-
mals were considered, but not fishes. Flood-
ing requirements were determined through
discussions with experts (see Acknowledge-
ments, below), and through reviewing rel-

evant literature.

2. For most threatened fauna taxa there are

many more records in the study area than is

typical for rare or threatened plants and their

habitat requirements are usually much better

known. As a result —and because animals are

typically more mobile —the identification

and mapping of habitat for threatened fauna
was often tailored according to characteris-

tics of particular taxa rather than tying the

identification and mapping of habitat closely

to the site of every record. For example, for

several highly mobile duck species that had
been recorded at nearly every wetland in

the study area (often just once at temporary
wetlands), only sites with repeated records

or high counts were identified and mapped.
Similarly for many colonial breeding birds, a

distinction was made between breeding and
non-breeding habitat, with only the former

being identified and mapped for those species

where availability of non-breeding habitat was
not a significant factor in their conservation

status. On the other hand, for some highly

cryptic species with readily identifiable habi-

tat (such as bitterns), habitat patches without

records were identified and mapped on the ba-

sis that the species almost certainly occurs in

these patches on occasions but have not been
recorded due to insufficient survey effort.

3. Reflecting this emphasis on the specific

characteristics of some taxa, there were some
exceptions to the exclusion of old records (those

made prior to 1980) and spatially imprecise

records (those that could not be located reli-

ably to within 150 metres). For example, older

records of colonially nesting waterbirds were

included on the basis that these birds breed in-

frequently and generation times are therefore

longer. Also, older or imprecise records were
often included when identifying sites with re-

peated records or high counts.

4. The habitats of most fauna taxa were speci-

fied as one or more EVCs, which were then

mapped as the sites for that taxon within its

geographic distribution. The natural flood fre-

quency, critical interval and minimum flood

duration estimates for the EVC(s) were then

assigned to the sites. However for some taxa,

notably colonially nesting waterbirds, more
specific information was available (e.g. previ-

ously known and mapped breeding sites) was
available and used to map site locations and
specify watering requirements.

5. Some threatened fauna have been recorded

in the relatively small areas mapped as Wet-
land Formation (EVC no. 74), Bare Rock/
Ground (993) and Water Body —Natural or

man made (998). Flooding requirements for

threatened species in these areas were esti-

mated based on the flooding requirements

and tolerances of the relevant threatened spe-

cies and the physical (including hydrological)

conditions at the sites.

Results

Some 110 EVCs were found to be at least partly

flood-dependent on the Murray River flood-

plains (Table 1). The total current extent of

these EVCs in the study area is 224247 ha, of

which 162266 ha are on public land. Natural

flooding frequencies ranged from as many as

3-4 flood events every four years for Aquatic

Herbland and a further 20 EVCs through to

one flood event in 20-40 years for Riverine

Chenopod Woodland. Critical intervals to

maintain healthy ecosystems ranged from one
flood event every two years for around 30 EVCs
to one flood every 30-50 years for some Black

Box-dominated EVCs. Minimum durations of

inundation ranged from less than one month
to 6-36 months (Table 1). One hundred and
twenty-four rare or threatened plant taxa were

classified as at least partly flood-dependent of

which 68 were sufficiently well known for their

distributions to be mapped reliably (Table 2).

Of the 62 threatened vertebrate fauna taxa (ex-

cluding fish) found to be flood-dependent (or

use flood-dependent habitats), 51 were suf-

ficiently well known for their distributions to
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be mapped reliably (Table 3). A visual repre-

sentation of the critical intervals for EVCs and
threatened species is presented in Map D"* and

Map E" ofVEAC(2008).

Discussion and further research

This paper is the first attempt to estimate and
document the flood requirements for a wide

range of natural values in the Victorian flood-

plain forests of the Murray Valley. As the flood-

ing requirements are based largely on expert

opinion and the limited published literature, it

is likely that new knowledge and more in-depth

research into individual species and ecosystems

will refine these requirements. We strongly

encourage further research into this field to

determine the flooding requirements or toler-

ances of indigenous species and communities,

and ultimately optimise the use of scarce and

expensive environmental water.

The present study was restricted to most ter-

restrial vertebrates and vascular plant taxa clas-

sified as rare or threatened at either state or

national levels. The Murray River floodplains

have a diverse range of arboreal, terrestrial and

aquatic macro- and microinvertebrate species

(Ballinger and Yen 2002, Shiel 2002; Suter and

Hawking 2002; Yen et al. 2002), many of which

are reliant (or likely to be reliant) on flooding

events. It is also recognised that floodplains and

flood events are important for fish along the

Murray and its tributaries (Koehn 2002; King

2005; King et al. 2005; Jones and Stuart 2008).

However, King (2005, p. 121) notes that ‘whilst

the existing Barmah-Millewa EWA[Environ-

mental Water Allocation] has been operating

for a number of years, little is known about how
natural and managed flood events influence

fish populations in the Forest’ and that ongoing

research is required.

Ideally, floodplain watering strategies should

be formulated on the requirements of all flood-

plain biota including fish, invertebrates (ter-

restrial and aquatic), non-vascular plants and

regionally significant taxa. Similarly, the list

of ecological characteristics used to identify

the natural values to be maintained, should be

comprehensive and expanded beyond just those

for the main sites of occurrence or breeding for

threatened taxa to include important character-

istics such as the following:

• sites that are likely to assist the recovery of

threatened taxa, especially taxa that are highly

threatened

• sites of high species richness

• colony sites for colonial breeding species that

are not currently classified as threatened

• sites that may be in poor condition at present

but would recover with watering and be likely

to support significant natural values

• corridors of habitat which are important for

the movement of biota —from flight paths for

the daily movements of Superb Parrots Poly-

telis swainsonii between breeding and feeding

areas to corridors for longer-term movements
such as in response to changing climate over

the course of decades.

Species distributional data being entered into

the Victorian Flora Information System and

Atlas of Victorian Wildlife have declined sig-

nificantly in recent years (Commissioner for

Environmental Sustainability 2008). There is

an urgent need to reinvest in basic ecological

inventory and monitoring to improve our un-

derstanding of both the distribution and occur-

rence of many taxa and to monitor and refine

our understanding of the effects and benefits of

flood regimes.

The project to date should be seen as an initial

step towards a more comprehensive and ongo-

ing analysis that is continually updated and re-

fined as new data and results become available.

There are still many gaps in our understanding

of the flooding requirements and basic ecology

of many of the ecological vegetation classes,

and threatened flora and fauna, on the flood-

plains of the Murray River. It is hoped this proj-

ect provides a catalyst for ongoing research.
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Notes
' Email the corresponding author for a copy of the

Peake et ai (2011) article.

^ Vascular plant taxa listed under the Advisory List

of Rare or Threatened Plants in Victoria - 2005
(DSE 2005), the Victorian Flora and Fauna Guar-
antee Act 1988 or the Commonwealth Environ-
ment Protection and Biodiversity Conservation Act
1999.

Vertebrate taxa other than fish listed under the
Advisory List of Threatened Vertebrate Fauna in

Victoria - 2007 (DSE 2007), the Victorian Flora

and Fauna Guarantee Act 1988 or the Common-
wealth Environment Protection and Biodiversity

Conservation Act 1999.

http://www.veac.vic.gov.au/maps/352-MapD_
Flood_Dependent_EVCs.pdf

^ http://www.veac.vic.gov.au/maps/352-MapE_

Flood_Dependent_threatened_species.pdf

References
Aldous A, Fitzsimons J, Richter B and Bach L (2011)

Droughts, floods and freshwater ecosystems: Evaluating
climate change impacts and developing adaptation strate-

gies. Marine and Freshwater Research 62, 223-23 1

.

Ballinger A and Mac Nally R (2006) Ihe landscape context

of flooding in the Murray-Darling basin. Advances in Eco-
lopcal Research 39, 85-105.

Ballinger A and Yen AL (2002) Invertebrates of the River Red
GumForests of the Murray River. The Victorian Naturalist

119, 174-179.

Bennett AF and Lumsden L (1994) Paucident Planigale Plan-

igale gilesi. Flora and Fauna Guarantee Action Statement
No. 52. (Department of Natural Resources and Environ-
ment: Melbourne)

Brown G (2002) The distribution and conservation status of
the reptile fauna of the Murray River region in Victoria.

The Victorian Naturalist 119, 133-143.

Cheal D (2010) Growth Stages and Tolerable Fire. Intervals

for Victorias Native Vegetation Datasets. Research Report
No. 84. (Arthur Rylah Institute for Environmental Re-

search, Department of Sustainability and Environment:
Melbourne)

Chesterfield EA, Loyn RHand Macfarlane MA(1984) Flora

and Fauna of Barmah State Forest and their Management.
Research Branch Report No. 240. (Forests Commission
Victoria: Melbourne)

Clemann N, Robertson P, Gibbons D, Heard G, Stcane D,

Coventry AJ and Chick R (2007) An addition to the snake
fauna of Victoria: De Vis’ Banded Snake Denisonia devisi

(Serpentes: Elapidae) Waite and Longman. The Victorian

Naturalist 124, 33-38.

Commissioner for Environmental Sustainability (2008) State

of the Environment Report Victoria 2008. (Commissioner
for Environmental Sustainability: Melbourne)

Conole L and Mac Nally R (2000) Records of the Giant Banjo

Frog Lirnnodynastes interioris from Gunbower Island and
the Ovens Floodplain, Victoria. The Victorian Naturalist

117, 226-227.

Conole LE and Mac Nally R (2001) Field identification, ecol-

ogy and conservation status of the Red-chested Button-

quail Turnix pyrrhothorax in northern Victoria. The Victo-

rian Naturalist 118, 56-58.

Crouch C (2006) Ned’s Corner - A wonderland of rare wild-

life. Conservation Bulletin 35, 12-14.

DEC (2005) Southern Bell Frog (Litoria raniformis) Draft
Recovery Plan. (NSW Department of Environment and
Conservation: Hurstville)

DSE (2005) Advisory List of Rare or Threatened Plants in Vic-

toria - 2005. (Department of Sustainability and Environ-
ment: Melbourne)

DSE (2007) Advisory List of Ihreatened Vertebrate Fauna in

Victoria - 2007. (Department of Sustainability and Envi-
ronment: Melbourne)

DSE (2008) Ecological Vegetation Class (EVC) Benchmarks
for each Bioregion. Department of Sustainability and En-
vironment, Melbourne. Available: http://wwnv.dse.vic.gov.

au/dse/nrence.nsf/LinkView/43FE7DF24A1447D9CA256
EE6007EA8788062D358172E420C4A256DEA0012F71C
[last accessed 5 September 2008].

Emison WB, Beardsell CM, Norman FI, Loyn RH and Ben-
nett SC (1987) Atlas of Victorian Birds. (Department of
Conservation, Forests and Lands and RAOU: Melbourne)

Fitzsimons JA (2006) Public land use planning using biore-

gions and other attributes: determining the study area of
the VEACRiver Red GumForests investigation. Proceed-
ings of the Royal Society of Victoria 1 18, 75-85.

Gates ]A and Paton DC (2005) The distribution of Bush
Stone-curlews {Burhinus grallarius) in South Australia,

with particular reference to Kangaroo Island. Emu 105,

241-247.

Higgins P] and Davies SJfF (eds) (1996) Handbook of Aus-
tralian, NewZealand and Antarctic Birds. Volume 3: Snipe

to Pigeons. (Oxford University Press: Melbourne)
Higgins PI, Peter JM and Cowling Sf (eds) (2006) Handbook

of Australian, New Zealand and Antarctic Birds. Volume 7:

Boatbill to Starlings. (Oxford University Press, Melbourne)
Horrocks GFB, Brown GW, Earl CE, Griffiths RC and Wil-

liams LM (1989) Flora and Fauna of Gunbower Island,

Northern Victoria. Ecological Survey Report No. 28. (De-
partment of Conservation, Forests and Lands: Melbourne)

Jones MJ and Stuart IG (2008) Regulated floodplains - a trap

for unwarv fish. Fisheries Management and Ecology 15, 71-

79.

King AJ (2005) Fish and the Barmah-Millew’a Forest: his-

tory, status and management challenges. Proceedings of the

Royal Society of Victoria 117, 117-125.

King AJ, Crook DA, Koster WM,Mahoney J and Tonkin Z
(2005) Comparison of larval fish drift in the Lower Goul-
burn and mid-Murray Rivers. Ecological Management and
Restoration 6, 136-138.

Koehn J (2002) Fish of the Murray River. The Victorian Natu-

ralist U9, 152-159.

Law B and Anderson J (1999) A survey for the Southern
Myotis Myotis macropus (Vespertilionidae) and other bat

species in River Red GumEucalyptus camaldidensis forests

of the Murray River, New South Wales. Australian Zoolo-

gist 31, 166-174.

Loyn RH, Lumsden LF and Ward KA (2002) Vertebrate

fauna of Barmah Forest, a large forest of River Red Gum
Eucalyptus camaldidensis on the floodplain of the Murray
River. The Victorian Naturalist 119, 114-124.

Lumsden L, Brown G, Cheers G and Palmer C (2007) Flood-

plain Fauna Surveys ~ Macredie Island and Burra Forest.

Report to the Mallee Catchment Management Authority.

(Arthur Rylah Institute for Environmental Research, De-

partment of Sustainability and Environment: Melbourne)
Lumsden LF, Bennett AF and Robertson P (1988) First

record of the Paucident Planigale, Planigale gilesi (Marsu-

pialia: Dasyuridae), for Victoria. The Victorian Naturalist

105,81-87.

Malone B (2004) A survey of the herpetofauna. In A Survey

of the Fauna of Neds Corner Station, pp. 16-19. Ed MF
Clarke. (Department of Zoology, La Trobe University:

Melbourne)

54 The Victorian Naturalist



Contributions

Marchant S and Higgins PJ (eds) (1990) Handbook of Aus-
tralian, NewZealand and Antarctic Birds. Volume 1: Ratites

to Ducks. (Oxford University Press: Melbourne)
MDBA(2010) A Guide to the proposed Basin Plan. (Murray-

Darling Basin Authority: Canberra)

Meathrel CE, Suter PJ and Radford NM(2002) Niche seg-

regation between three species of freshwater turtle in a

large billabong during flood. The Victorian Naturalist 119,

160-173.

Meathrel CE, Suter P and Reid S (2004) Habitat and dietary

preferences of freshwater turtles in ephemeral billabongs

on the Ovens River, north-east Victoria. Vte Victorian

Naturalist 121, 4-14.

Parker DG, Webster R, Belcher CA and Leslie D (2007) A
survey of large forest owls in State Forests of south-western

New South Wales, Australia. Australian Zoologist 34, 78-

84.

Parkes D, Newell Gand Cheal D (2003) Assessing the quality

of native vegetation: The ‘habitat hectares approach. Eco-

logical Management and Restoration 4, S29-S38.

Peake P, Fitzsimons J, Frood D, Mitchell M, Withers N, White
Mand Webster R (2011) A new approach to determining
environmental flow requirements: sustaining the natu-

ral value of floodplains of the southern Murray-Daring
Basin. Ecological Management & Restoration 12 (in press)

DOI: 10.1 1 1 1/j. 1442-8903.201 1.00581.x

Ramamurthy S (2007) Distribution and ecology of the

Growling Grass Frog Litoria raniformis in the Mallee CMA
region. (Mallee Catchment Management Authority: Mil-

dura)

Shiel RJ (2002) Murray River microfauna. The Victorian

Naturalist U9, 205-211.

Suter PJ and Hawking JH (2002) Aquatic macroinvertebrates

of the Murray River. The Victorian Naturalist 119, 186-

200 .

Tzaros CL (2001) Importance of riparian vegetation to ter-

restrial avifauna along the Murray River, south-eastern

Australia. Unpublished MSc thesis. School of Ecology and
Environment, Deakin University, Melbourne.

VEAC (2006) River Red GumForests Investigation Discus-

sion Paper. (Victorian Environmental Assessment Council:

Melbourne)

VEAC(2008) River Red GumForests Investigation Final Re-

port. (Victorian Environmental Assessment Council: Mel-
bourne)

Venn DR (1997) Grey Falcon Falco hypoleucos. Flora and
Fauna Guarantee Action Statement No. 83. (Department
of Natural Resources and Environment: Melbourne)

Webster R (2004) The Influence of Flooding and Drought
on Bush Birds within Barmah-Millewa Forest 1999-2002.

Report for Barmah-Millewa Forum. (Ecosurveys Pty Ltd:

Deniliquin)

Webster R, Belcher C and Leslie D (2003) A survey of threat-

ened fauna in south-western NewSouth Wales. Australian

Zoologists!, 214-228.

Webster R and Rogers K (2006) A baseline survey of terres-

trial bird populations in the state forests of the southern
Riverina: 1999-2003. In Wetlands of the Murrumhidgee
River Catchment: Practical Management in an Altered En-
vironment, pp. 172-188. Ed IR Taylor, CA Murray and SG
Taylor. (Fivebough and Tuckerbil Wetlands Trust: Leeton,

NewSouth Wales)

Woodgate PW, Peel BD, Coram JE, Farrell SJ, Ritman KT and
Lewis A (1996) Old-growth forest studies in Victoria, Aus-
tralia: concepts and principles. Forest Ecology and Manage-
ment 85, 79-94.

Woolley PA (2004) A survey of the mammalian fauna. In A
Survey of the Fauna of Neds Corner Station, pp. 20-25. Ed.

MFClarke (Department of Zoology, La Trobe University:

Melbourne) (ed)

Yen AL, Hinkley S, Lillywhite P, Wainer J and Walker K (2002)

A preliminary survey of the arboreal invertebrate fauna of

two River Red Gum trees Eucalyptus camaldulensis near
the Murray River. The Victorian Naturalist 119, 180-185.

Received 26 August 2010; accepted 3 March 2011

Voll28 (2) 2011 55



Contributions

o

>

u
<
UJ

CJ
>w

U

bO
_o
"o

T3
c

-a
o
o

’’(-I

o
c
o

3

a
3
a
a

a3
C

3 O
c

•S S I

s
fQ

•tS 4) S
o.S'fc

2 "o '-

3 o a
13^ “

W5

= «
1-5^
4>

<J >
S II

3 >
(L> Cj

,5-. 0>
U,

t3
O C
O O

q=! -3
—. w
« bO

-O 2i

H Oh

u
>M

y d
^ Zw

ON cj ^ ^ NO NO—
—̂no'^nonOnO ^

<N '

4 -
' ]

On On 0\ On On ON ,

I

rn 0-1 CO fO n~> r<N

;
^ rx fNi

’

.
a. V ^ ^ ,

NO NO NO

<N (N rs (N <N (NrOLr»rNjrN)rNirNi(N(N<Ni\rO'^rvo-iur)(N(Ncoo-)fOcOTj'Tt'^’^

J o
H-^Ttrt<cuair^LnLnLO o o o o o o o o .

ccccccccc
’ UD LTi in ® LO

'

.a .a c c .5 G .a ,a
c c c c

J
^ Tj<

C C G C

_^co^rocoro >

03 r-

-OJ •

cd
c/5

o

'T ^ o
^x: ^
^ -o Oh

c a

•3
cd

O
s
D-

a
cd

00

a
3 -o
o c
aa _2

(U -G

.3 05 (U X
td "S >-.

cd

c/>

a b)O jm ,

.

(i O .y

S
s
M .3 5
^ >-s

> -a r-

Cd >5
CO U ^O -3

^ O C -3

o s ^ «
G -O O

JH « O Sn CD o
4> O ^ g

—Cu D- *- cd

3 6 S
fX ^ ^ cu Z
^oo 00 bO (~

Cd 1, o "O ^
^ C C 2^ w

"O 3 'C '

0 0/9;/^
O > > '3

'_3 !3 r\

U O ^

O ^'G ^ c 2
J2 3 to

'

-P 4j o 2^

55 ’cd
O 1/5

' o

°<u^o
—n ^
— e w C 'OG .3 c/5 G c O
O cd Cd .-. <5

Cl, 'U i-< > ^ -C

S “
J!

4> 2 S2

^ I S boS
O 2 > > -^ =J

t 3 O c3 o; bn
f 2

"3 '3 '3 *3 "3 "3 '3

> C cd bO bO^
2 -o -6 -c 2 Si Si •§
- O O oj _ DO bO 2
d 00>-3bDbi53
2 EESg<<«
3'5^^^^’c’c ^

c 5BIS!S 3 -g^^o
H Dh X X X X bO bo^
3 UUUUcjGCtd
2 *3 '3 *3 ’x: 3 O O <u

>cdcdcdcdcd-G,3^333333 j 2 _2 a
3 3^ 3^ 3^ 3^ '0“'3 33^<<<<<03030

-- 3 -'^-'-' 3 *3 T333 T3333
Uh DC C< G C G G GG C

3 5r'"fd
cd cd cd cd cd cd cd

^^^'c'c'g'c'g'g^^^^^^^

><

|1
°su 2

C C iE s ®
cd Cd 2

cncn-c
<u Oj t-

c c cd

Gi CC H

.y B-'S

2 I S
|o2
-^3 3
^ C C
cd X
?P-P-P
Rr, <0OijM M
bCl>-G Jh
•<3 3
^ G GCOO

;- CL, CL,

CU ^ ^ocS S
Cd 5 ?
G 3 3•GOO
2 ^ _o
QX G-.

— ' '^^3^^^N^NJC_/l_/NJN./0 nJ O ' cj ' nJ

o o o o o o o ?Sg g c c

Sj & S) S)|^ :>:>:>i'>i:>!^^^^^^^'^ 333 !! 5 SSSS2222>>>?>^cccccccx>^SSll"""^
.QbMobMib-,>,x>->, >^S .2 .2 .2 .2 .2 .2 c >r< 'r •r £ ,2 tS ,2bJDbCbObbcfl W5 <A i/3 0<5 V> !_ s_ ;-, ^ i-< >_ U, Cdl-lHJ-,jHhiHLl*l-LHLlHLlH
<!<<<555552555552'^'^'^*^'^'^'^T3 ---T-,T- 5-rta/i>o>cu^ eg eg ed Q^Q^Q,cv 3,cv£Vnj cd e e e
ni fl> n» rt> L- u, w- u, 1-, i-i CCCC^rdH'd

.S .S ,S .5 ^ ^ ^ ^ ^ £ £ £ £ S S S S3 3 3 3 _c _a .s .a .a .a .a .a .a .a .a .a .a .a z
^ bi) ^ xxialaxx-a-S-a-a-sx-a w^toc^ 5 o355
cd cd cd cd Cl, CL, Cl, Cl, OmCo Gn 0-< Cl, Cl, Cl* Cl, Cl, Cl ^ ^ ^ ^
C C G G333333333333333333p'Pra'POOOOOOOOOOOOOOOOOO
2 2 2 _ _ _ _
QQQQXXXghXXcucuulXXXXuhXXXXOOOO

c/5 c/5 c/5 c/5

C/5 C/5 C/5 C/5

cd Cd Cd Cd

NDc0f03Lnr^3t\r^<Nr0unc500N0N-^(N3irjN0rcN'-H(N3Lnt^^<Nonc0ON0u0-H0Nom3333cnONOo4<N(NN003LOLnLnLnLnroo-jmcofOcot'^'— '3mNOO^-- 'CNCONOOOOOcorSOOOOO'—'OOOOOOO OOOOOO^GOOnOO^OOOO

56 Hie Victorian Naturalist



Contributions

S Cl?
3 .2-c

•S 3 I§T3 a,

a > £
5 S S
u-S-fc

2-3
2 §

c '»

S<S

u
>M

3 y =

H «

^ V \o ^ ,rnmfSfOfOf^(N^^f<^'-'^TrfnmrN}fn(N mrJ

TfrnfOTfTfrsr^^ Jf^^Jf^LOcscNr^-jf^rocNcNCNc^cnrnro-^TfrOfnr^^rororn men

Tf’ un LTi Ln m
;

a _C C _C _C _g _G
’

un un LO m
j

(N fo m fS -H

^'L>p^ooooLD-«^Tt^Lr>LnLnr-H^^Ln'^^
cs £ 2 SSSSSSSSc

jLnxhTfmunLOLnLnLO
-CCGCCClCCC

jrO'^-^LTiLDTfooO'^Q^Q^Ln'^TfrfmLnTfmTt’

r\ vD

LO LT)

.S .B
un

ro fo

X
CJ <u

^ X S
S-ii So“ Cl^

—

'

U
Is SO
a"Oh O 'hj •—

c Oh U^ i: cj

“ ° S'rP O

o H-> C« Dh ^

ex £ ^ ^

Oh X ^
s 6 H ^

«

S c ^ 2^'qj ^
o S - £ g^S

o £ O X

CIh O ^ Oh £ ^ ^

C w5 (•'^ o/ VD ;=:
cj cu

Oh O

a
n

oo

C 00

^ O O-Uh
S o

*p
, ^

c Xji

°ul-
y sif
« o U c

U -.- c>

>
S
-o
c

'TT
Oh qj

BE
rT f- O £ O rR *-• ra

I "i: a ^ s

Oh

II c.'B
C! 9^ c" G o

^ §

y. ®
so

o
,HS
S "d
o c

_ o
"2 s

P o

>-. ^CO C
CO C
C3 ^
Oc^

> >
5 2

o-

£
O
u
c

-£

0

1

O

a£ si i

s

g
g cu-C ^ > -S

I S g.g

c ^ S- t/)^ .£ >
<U y O 2

c S
^ 'S ^

CO --H >
c, ^^oo
c >

^ C ^ Ph g
5 5 ^ OhT

.1 2 £ <^

p
§t2 gu"?

s eiH 0-0 4^ o
5 OhS^ ^ ^
I e I s-o >>

g|l§-

d 3 .B
S^c^

.> c
- bi _o
H (11

’-*-'
<L)

w
,

^^BSEtSr 2 = u;r-^^3 ^ 1> O *^r,-. (U^'CLIh 0-0_H
O ^ rV. O^ 2 (u o'^Ph

c .£ c > ^O s-i •—
' ^ C

Oh Jn c4
^ 4I, q>

"£ a> c .£
S Q-> ^ P h
C3 T' o Oh

Oh Uh

g^-C:-d^>;q2^??52BP

n, ^
« <u ^—

, T" '^-' 'W <“ r 1

ege? &£<.>;. a SgaE^ ®
'C xai ^ ^ -S « "aa>co<uii)i?^'l— >-H X
• ^ ^ "Oh"^ — ^ e

—OhiSc^ 5-h n p £^+-‘^‘r"
K*:. o>c ^'0 se g-Sj- £S '"tintiXH’TST > 03'0 P g

"‘sgsS|^^S|o|2o

bi

g !> u
Ph ^ O .g

Oh S
B B si
s s s;|
QJ OJ h3 J-h ^ ^
G C“ ^ s sc 'C >'S JS -£
Qj <D t 3

33^S § §
^ ^ ^ H

^ ^
CO CO CO IZ> . .

qj O 0> Qj >-' P>^
Ch W Lh }-i Oh O I r

O O O O c G ^pH Ph Ph Ph g g g

" fl

tu

3K,

s^-e
p Tj qj
® C 'T*

tp o

o
^ CO

Uh qj
q^ Ui

O E O
> ^ PP

.0 ^ CO r"

d S' >.,S E Pi IS S'

> § S--S

I
I'o'^g

Ph Ph

^P’C’b C0 >>0^ CP ^ Q w tjD^ r 0 f 2 ^ 2 'O ^
!> o ^ t 3 ^ X/ ^ q> ^

'^1.2 ^l-S S 5
^="02

_ ^ p. NH —___
r-

o.a^s^ o'S^ ->d(2 c

IS

^g 2 Ec3 (Sddd:g 5 ^ O B'S -
£ *Ti S S S o’^'PScpcoJv g CP 2

O ^ *H 4_1 ^| 1 (. I^O( «
nT3 nj o3 eel g g g > g-X (U bJD OX) OOiP ^ IB S

,uPPC/5 <U CJ ?>>>;^ - -H-H

6^^
^ E c^ 2

>
5

0)
kH

o
pp

<u o> a> P)

G C C C
Ch kH Lh ;-!

CO c/3
P̂)

-o
^

a ^ MM -S-^rgrgrgrgid^SSoP j-H^g 0X)0X)0c«wcokHEIeppHpHpPi>'-^ c£ l2C9r>£S<"<:<-i2:2^rtT-n-(qj(U4>(U>^CP Oh^ ^ ^

’^oh'S’S g g cOOOoho o kH c n n ^ cj c«.hh.-h.-h'^.-h^^*^*^*^ a.Q,qj<U<L)UkH>>S-(kHkHOHkH
a I ^ ^ > I > s ^

2 2 2 Q2
IBEEgGG'g‘g'SOOOOoo 5252 i 2 ^25 ££^^<^^'^'^££pgHgH 2 S£oooooo 2222 >?>'g'g-d<u-T 3

'-' ^ qj o
:S^EE

g
ojj qd qd-—

I

—-H F-H £r ir h-h >-m vw

Mra«G,ci,&,Ci,^ ? >^X>,>,Ca.cCgraM.cccdddddd -

2 2
CO CO
CO CO
c« c«

> > .g > g s ^
b; (2 bi b; ’5

C G PQ
CO CO CO CO *H ^
CO CO CO CO g 5-j qj
rt cd C3 R3 ^ W^''*'

C G 2

P) D vjf y cHf j vj LUj

b>> o’cr'CH t. i^oooooo t; y « q.2.>.>'S’Od JJd
= s g^CCQQQEEEESaoOOODCeipCcSSiMOM

,yF fG ,y-. CO P-H p_, C+_, Ch_, Cj^ Cj_, P_| Ct^ Ch_| p_H C+-( P_( C|^ Cl_| p_, C|_, Ci— Cj_. C^ <_1__ (-._ t . .^•^‘^•^^-’p>oooooooooooooooo
O

000

000000 .

£ £ a ^ .£ .y .p> .£ .p> .y .2 .9 .2 .9 .9 9 .£ 9 £ y y £
CGG>cococococococococococococococococococo"'"'’^
OOOOOX)
E E O

,

CP o

CH VU CW C\i cv cv
-y — -y CO CO CO CO CO CO wvSTH Hy w •HJ yyy .Hy VJ VHJ \JJ IHJ <^000000000000000000000 r^oSSSSSSSSSSSSS2 SSSSSSSS

r''NCNOoif^u 3 co<Nr''CO'^fOcooo^ON— 'TjivoofO'ot''^ONO'OON’-H(N(NTfooLr )0 a^ro'P'>p'p^(Nooo<Nro-^-^fO)<N<NunLnLr)f< 3 Lr)Ln(N^--HvO'^t''NrH.i\rN.oo rv* -<000000000000000000000000 ooooooooooco-

V0II 28 (2) 2011 57



Contributions

a
e2

I

•Sac

« Cfl
'

>
‘IZ

ô>
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Minimum

flood

frequency:

as

per

EVCs.

Flood

duration:

as

per

EVCs.

Flabitat/Location:

Associated

with

freestanding

water,

including

the

Murray

River.

VFD

records

plus

records

from

Malone

(2004).

Relative

importance

of

study

area:

Near

threatened

in

Victoria

but

locally

abundant

in

the

northwest.

This

part

of

Victoria

is

at

the

southern

tip

of

its

Australian

distribution.


